® 



Europaisches Patentamt 
European Patent Offic 
Offic uropten des br vets 





@ Publication number : 0 606 051 A1 



EUROPEAN PATENT APPLICATION 



@ Application number: 93830517.4 
(g) Date of filing : 22.12.93 



@ Int. Cl.^ H01M 4/90, H01M 4/86, 
B01J 23/52. C25B 11/04, 
H01M 8/10 



(So) Priority : 25.12.92 JP 359077/92 
10.02.93 JP 44434/93 

^ Date of publication of application : 
13.07.94 Bulletin 94/28 

(84) Designated Contracting States : 
^ AT BE CH DE DK ES FR GB GR IE IT U LU MC 
NL PT SE 

Applicant : Permelec Electrode Ltd 
No. 1159 ishikawa 
FuJIsawa-shi Kanagawa (JP) 

(fi) Applicant : DE NORA PERMELEC S.P.A. 
Via Bistolfi 35 
U20134 Mllano (IT) 



@ inventor : Shimamune, Takayuki 
3006-30, Honmachida 
Machida-shI, Tokyo (JP) 
Inventor : Nakajima, Yasuo 
4-26-1-401. MInami Ogikubo 
Suginami-ku, Tokyo (JP) 

@ Representative : Pellegri, AII>erto et al 
do Society Italiana BrevettI S.p.A. 
Via Puccini, 7 
1-21100 Varese (IT) 



(g) Gas electrode, catalyst for gas electrode, and process for production thereof. 



@ The present invention is directed to a gas 
electrode containing a catalyst containing gold 
particles dispersed and supported on a conduc- 
tive oxide carrier such as titanium oxide, and, in 
addition, a gas electrode conr^prising a catalyst 
comprising electrically-conductive carbon, 
titanium oxide and gold particles, wherein the 
gold particles are dispersed on the titanium 
oxide and both the gold particles and titanium 
oxide are supported on the electrically-conduc- 
tive carbon. 

The present invention is also directed to such 
catalysts as well as processes for production of 
such gas electrodes and catalysts. 
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FIELD OF THE INVENTION 

The present inv ntion is directed to a long>lasting 
gas electrode which is useSd for electrolysis and bat- 
ten s. More particula rly, the present invention re- 
"^lates'to a gas electrode and a catalyst, wherein the 
gas electrode carries a catalyst metal thereon so that 
it p rmits stable continuous electrolysis in both an 
oxidizing atmosphere and a reducing atmosphere 
whil it is depolarized with hydrogen gas. 

The present invention is also directed to a proc- 
ess for production of the catalyst and gas electrode. 

BACKGROUND OF THE INVENTION 

The recent development of a fuel cell of the poly- 
m ric solid electrolyte-type and an electrolytic cell of 
the energy saving-type has led to the development of 
a gas electrode for such uses. The gas electrode, 
when used in a fuel cell, is intended to reduce the oxy- 
gen gas at the cathode and to oxidize the hydrogen 
gas at the anode. On the other hand, when the gas 
electrode is used in an electrolytic cell, such is pri- 
marily intended for oxygen reduction. Presumably, 
the reason for this is that, in the case of electrolysis, 
oxidation at the anode dominates over reduction at 
the cathode, and the source of oxygen for reduction 
is easily available in the form of oxygen and air. 

The study of fuel cells of the polymeric solid elec- 
trolyte-type is new. and only little has been under- 
stood with respect to t he development of an electrode 
for oxidation of hydrogen gas which can be used at 
normal temperatures or in an aqueous solution. 
Therefore, the electrode which is used for oxidation 
of hydrogen gas has also been used as the electrode 
for reduction of oxygen gas. Such an electrode has 
been prepared from an electrically conductive carbon 
carrier and platinum or platinum black supported 
thereon. Since platinum and platinum black exhibit an 
outstanding catalytic performance for oxidation of hy- 
drogen gas, the electrode has satisfactory character- 
istic properties. This is demonstrated by the fact that 
when it is used for a fuel cell of the polymeric solid 
electrolyte-type, it has an overvoltage of about 200 
mV (depending on the amount supported), even at a 
current density as high as 100 A/dm2 at 90-1 00°C. 
and It has an overvoltage as low as about 100 mV at 
a current density of about 30 A/dm^ for ordinary elec- 
trolysis. 

The above-mentioned electrode (supporting pla- 
tinum or platinum black), however. Is not satisfactory 
from the standpoint of long-term stability. As men- 
tioned above, platinum Is effective in oxklation of hy- 
drog n gas, but it is not stable In a reducing atmos- 
ph re. It is well known that a platinum crucible ex- 
posed to red heat in a reducing flame is consumed 
'?Pl'^*y ^"A®y^L'!® 9C?!^iD.9_3t grain boundaries due_ _ 
to crystal growth. Platinum, being supplied with hy- 



drogen for oxidation of hydrogen, is like platinum 
placed in a reducing atm sphere, and is c nsumed 
more rapidly when it is supported on cart)on where it 
easily functions as a reducing agent For the elec- 

5 trode containing platinum or platinum black to remain 
stable for a relatively long period of time, it is desir- 
able for the platinum to have a large surface area and 
to increase the amount of the platinum used. How- 
ever, increasing the amount of platinum and surface 

10 area thereof have not been achieved technically and 
economically. 

SUMMARY OF THE INVENTION 

15 The present invention Is directed to eliminating 

the above-identified disadvantages associated with 
the conventional electrodes. Accordingly, it is an ob- 
ject of the present invention to provide a gas elec- 
trode and a catalyst to be used in the manufacture of 

20 the electrode, especially a hydrogen gas electrode, 
which remains stable for a long period of time. It is an- 
other object of the present Invention to provide a 
process for producing such a gas electrode and cat- 
alyst. 

25 More specifically, the present inventk>n is direct- 

ed to a gas electrode comprising a catalyst containing 
gold particles dispersed and supported on a conduc- 
tive oxide carrier such as titanium oxide, and, in ad- 
dition, a gas electrode comprising a catalyst compris- 

30 ing electrically-conductive carbon, titanium oxide and 
gold particles, wherein the gold particles are dis- 
persed on the titanium oxide and both the gold par- 
ticles and titanium oxide are supported on the elec- 
trically-conductive carbon. 

35 The present invention is also directed to such cat- 

alysts as well as processes for production of such gas 
electrodes and catalysts. 

DETAILED DESCRIPTION OF THE INVENTION 

40 

The invention will be described in more detail be- 
low. 

A characteristic feature of the present invention 
resides in the use of gold in place of platinum (the 

45 conventional metal used In catalysts) for electrodes, 
especially gas electrodes. That is, platinum does not 
have to be used In the present invention. , 

The oxidation of hydrogen gas is represented by 
the following reaction: H2 21-r + 2e". The surface 

50 of an electrode catalyst is covered by hydrogen gas 
In a reducing atmosphere. As mentioned above, pla- 
tinum, when used as a catalyst metal for the gas elec- 
trode, is capable of oxidation of hydrogen gas but 
lacks stability in a reducing atmosphere. Therefore. 

55 the present inventors carried-out ext nsive studies in 
search of a catalyst metal which has both the capa- 

Ability of oxidizing, hydrogen.gas and th d sir d sta-- 

bility In a r ducing atmosph re. Th result of these 
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studies found that gold has these two characteristics, 
and this discovery has led to the present invention. 

Despite the desirable properties of gold men- 
tioned above, the use of such is expensive and gold 
is not as easily spread over a large area as platinum 5 
black. Thus, although gold has been used as a cata- 
lyst for hydrogen oxidation, it has never been used as 
an electrode catalyst despite its good properties. 

As the result of extensive studies, the present in- 
ventors found that it is possible to provide a catalyst io 
for gas electrodes which is both stable for a long per- 
iod of time and comparable in hydrogen oxidation ca- 
pability to platinum used as the conventional elec- 
trode catalyst. Such is accomplished when gold is giv- 
en electrical conductivity and uniformly dispersed on is 
a carrier containing a conductive oxide (such as tita- 
nium oxide), and, in addition, in such a manner that 
gold and titanium are coprecipitated and the copreci- 
pitate mixture is heated to give an electrode sub- 
stance supported on electrically-conductive carbon. 20 
The present invention also relates to a gas electrode 
using such catalysts. 

When a gold salt is precipitated by hydration and 
the precipitates are fired in air, gold does not change 
into an oxide and, as a result, metallic gold simply 25 
separates-out. In contrast, a Group IV metal salt (e.g.. 
titanium) and a Group V metal salt form, upon neutral- 
ization, gel-like oxide or hydroxide precipitates, which 
give rise to a crystalline oxide upon heating at 300- 
SOO^C in air or an inert reducing atmosphere. 30 

Consequently, the present invention provides a 
gas electrode comprising a catalyst containing gold 
particles dispersed and supported on a conductive 
oxide carrier such as titanium oxide, and, in addition, 
a gas electrode comprising a catalyst which is com- 35 
posed of fine particles of metallic gold and titanium 
oxide, the latter enclosing the former in a high degree 
of dispersion and both being supported on electrical- 
ly-conductive carbon (such as graphite) wherein the 
electrically-conductive cark>on has a particle diame- 40 
ter of about 1-200 ^m. The fine particles of metallic 
gold enclosed in titanium oxide can be obtained in the 
form of a coprectpitate suspension of titanium and 
gold by neutralizing an acidic solution containing a 
gold compound and a titanium compound. Then, the 45 
coprecipitate suspension is mixed with electrically- 
conductive carbon so that the former is supported on 
the latter. The present invention is also directed to 
such catalysts as well as provides for production of 
such gas electrodes and catalysts. so 

Titanium oxide, especially that In the rutile form, 
forms the Magn6li phase due to an oxygen lattice de- 
fect Titanium oxide of the Magn^li phase has an elec- 
trical conductivity f about IO-2 O-cm, and It increas- 
es in conductivity as it is doped with a small amount 55 
(pr ferably from 5 to 10 mol%) of at least on of tan- 
talum and niobium having a different valence from ti- 
tanium. Titanium oxid may also be dop d with sili- 



con. Since silicon Is tetravalent like titanium, it would 
n t have a direct affect on the electrical conductivity. 
Nevertheless, silicon enters the lattic to form the 
oxygen lattice defect, which leads to the Magn^li 
phase, because silicon has an ionic radius of 0.4 A 
(for coordination number of 6, tetravalent), which is 
smaller than that of titanium (0.62 A). Titanium oxid 
is one of the most desirable catalyst carriers, be- 
cause it is extremely stable electrochemically in both 
oxidizing and reducing environments. 

Another conductive oxide which can be used as 
a catalyst carrier in the present invention is tin oxide. 
However, it is not as preferred in conductivity to tita- 
nium oxide when used alone. 

According to one embodiment of the present in- 
vention, a long-life gas electrode and catalyst are 
prepared by precipitating gold particles on a conduc- 
tive oxide carrier. The process of preparing the gas 
electrode and catalyst involves the step of dispersing 
gold fine particles on the surface of the conductive 
oxide carrier. 

A preferred process for making the gas electrode 
and catalyst Is explained below based on the assump- 
tion that the conductive oxide carrier is titanium ox- 
ide. An aqueous solution of a titanium compound 
(such as titanium chloride) is mixed with an aqueous 
solution of gold compound (such as gold chloride). 
The mixed solution is neutralized with a base (such 
as ammonia) to give coprecipitates of gold hydroxide 
and titanium hydroxide in the form of sol which later 
turns to gel (Sol-gel method). The precipitates are al- 
lowed to stand for several hours so that they grow into 
particles about 10 ^m in size. They are sintered so 
that the titanium hydroxide changes into titanium ox- 
ide and the gold hydroxide separates out in the form 
of metallic gold. Sintering removes water and gives 
rise to a porous titanium oxide, because the titanium 
oxide obtained by the sol-gel method contains a targe 
amount of volatile component (water) as suggested 
by its chemical formula Ti02 nH20 or Ti(OH)4. mH20, 
As the result of sintering, gold separates out in the 
form of fine particles on the surface of the porous ti- 
tanium oxide. Thus, it is possible to obtain a gas elec- 
trode and catalyst containing a carrier having an ex- 
tremely large surface area and gold fine particles dis- 
persed thereon. 

Alternatively, a preferred process includes pre- 
paring, by the sol-gel method, a porous powder of ti- 
tanium oxide alone or doped with niobium oxide 
and/or tantalum oxide, and causing the powder to car- 
ry gold by any known method such as physical vapor 
deposition and thermal decomposition^ 

The thus prepared catalytic substance can be 
used as an electrode for ordinary electrolysis and fuel 
cells. Also, the electrod can b used for an oxyg n 
depolarized cathode for th production of hydrog n 
peroxide. It is most suitable as a gas electrode in a 
f u I c II. The gas el ctrod is th n form d by apply- 
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ing the catalytic substance to the surface of a sheet- 
like carrier formed from a mixture of conductive car- 
bon powd r and fluoroplastic powd r (to mak the 
carrier hydrophobic). Alternatively, the sheet-like 
earn r may be replaced by an ion-exchange menrv 



"brane andlheTcatalytic substance may~l>e'Bakec}~cll~ 
rectly onto the membrane. 

In addition, in a second embodiment of the pres- 
ent invention, a gas electrode and catalyst are pre- 
par d by dissolving a titanium compound, which is 
generally a water- soluble titanium compound such as 
a titanium chloride, an alkoxy titanate (e.g. tetrabutyl 
orthotitanate), and an organotitanium compound, in 
water acidified with hydrochloric add, together with 
a gold compound, such as gold chloride and chloroau- 
ric acid, in an amount of from 1 to 10 mol% of the 
amount of the titanium compound (which also in- 
cludes the weight of the titanium compound when 
doped). The resulting acidic solution is subsequently 
neutralized with a base, such as ammonia, with stir- 
ring. (Volatile ammonia is preferable to a metal base 
such as sodium hydroxide, which has to be removed 
by troublesome washing from the coprecipitates.) 
The base forms hydroxides of titanium and gold in the 
form of a coprecipitate floe to prepare a suspension. 
After washing with pure water by decantation or any 
other means, the suspension is thoroughly mixed 
with a powder of electrically-conductive carbon. Mix- 
ing should preferably be accompanied by heating to 
promote the growth of coprecipitates on the electri- 
cally-conductive carbon. Moreover, the solvent or 
washings may be evaporated so that the coprecipi- 
tates are firmly supported on the electrically-conduc- 
tive carbon. 

Then, the powder of electrically-conductive car- 
bon carrying the coprecipitates of titanium and gold 
is rinsed with deionized water and dried. Finally, it is 
generally fired in an inert reducing atmosphere or air 
at 200-500°C, preferably, 300-400°C. Although car- 
bon does not burn under this condition, it is desirable 
that heating be performed in an inert atmosphere 
purged with nitrogen for safety. Upon firing, the tita- 
nium compound in the coprecipitates loses water and 
becomes porous titanium oxide (because it contains 
a large amount of volatile component (water) as sug- 
gested by its chemical formula TiOa-nHaO or 
Ti(OH)4 mH20). At the same time, the gold compound 
in the coprecipitates separates out in the form of fine 
particies of metallic gold on the surface of the porous 
titanium oxide, in this way, a product is obtained conv 
posed of a carrier having an extremely large surface 
area and fine particles of metallic gold supported 
thereon. 

If the above-mentioned titanium oxide contains 
tantalum, niobium, or silicon, it w uld assume the ru- 
tile structure which is poor in crystallizability. In other 
words, it has oxygen lattice d facts, forming the Mag- 
n'li phase, which gives ris to el ctrical conductivity. 



On the other hand, the gold compound is reduced to 
metallic gold at the t mperature specified abov , 
and, according to X-ray diffractometry, the metallic 
gold is in the form of spots dispersed in the titanium 

5 oxide having the rutite structure. 

The~t hus ^prepared electrode" catalyst "carTbe" 
used in an ordinary electrode for electrolysis and fuel 
cells. It is most suitable for gas electrodes in fuel cells. 
To form a gas electrode, such a catalyst is applied by 

10 coating or any other means onto a sheet formed from 
a mixture of electrically-conductive carbon powder 
and fluorocarbon resin (to impart water repellency). 
Alternatively, it may be baked directly onto an ion ex- 
change membrane in place of said sheet 

15 To further illustrate the invention, and not by way 

of limitation, the following examples are provided. 
Unless otherwise indicated, all parts, percents, ra- 
tios or the like are by weight. 

20 Example 1 

Titanium tetrachloride and tantalum pentachtor- 
ide (in a molar ratio of 10:1) were dissolved in a 10% 
aqueous solution of hydrochloric acid. To the solution 

25 was added gold chloride in an amount equivalent to 
10 moi% of the combined total of titanium and tanta- 
lum. The resulting solution was neutralized with stir- 
ring for precipitation with excess ammonia water 
which was added dropwise. After standing for 4 

30 hours, the precipitates were filtered through a glass 
filter and washed with deionized water and finally cal- 
cined in air at 500°C for 1 hour. Upon analysis after 
crushing, the calcined product was found to be an ox- 
ide of rutile structure (Ti-Ta)02.x having fine partic- 

35 les of gold which had separated out on the surface 
thereof. It was also found to have an electrical resis- 
tance of about 10-2 f^-cm. 

The thus obtained calcined product was bonded 
by baking, using fluoroplastic as a binder, to the sur- 

40 face of a layer formed on a cation exchange mem- 
brane ("Naf ion 117" produced by E.I. Du Pont de Ne- 
mours and Company) by sintering graphite powder 
and fluoroplastic powder together. 

The cation exchange membrane carrying the 

45 calcined product was used as an anode for electroly- 
sis of a 15% aqueous solution of sulfuric acid in such 
a manner that the cation exchange membrane was in 
contact with the electrolyte and the calcined product 
was exposed to wet hydrogen gas which was supplied 

50 continuously. The potential corresponding to an 
overvoltage at 60^C and a current density of 100 
A/dm^ was 150 mV. The potential only slightly in- 
creased to 160 mV after continued electrolysis for 
150 days. 

55 

Comparative Example 1 

The sam procedure as In Example 1 was rep at- 
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ed to make an anode and to carry out electrolysis, ex- 
cept that gold chloride was not used. It was only pos- 
sible to achieve a current density of 10 A/drn^, with a 
potential of 300 mv. 

Comparative Example 2 

The same procedure as in Example 1 was repeat- 
ed to make an anode and to carry out electrolysis, ex- 
cept that gold chloride was replaced by chloroplatinic 
acid. The potential was 200 mV, which rose to 260 mV 
after continued electrolysis for 150 days. 

Example 2 

A solution was prepared containing tetrabutyl or- 
thotitanate and chtoroauric acid (in a molar ratio of 
1 0: 1 as titanium and gold) in a 1 : 1 (by volume) mixture 
of ethanol and 10% hydrochloric acid. The solution 
was neutralized with ammonia water, which was add- 
ed dropwise with stirring, to form a suspension. Ex- 
cess ammonia water was added to complete the for- 
mation of the suspension. Then, graphite powder (10- 
200 ^m in particle diameter) was added with stirring 
in an amount five times the weight of titanium. After 
standing for about 2 hours, the solids were separated 
from the liquki by means of a glass filter and washed 
with water. After drying, the solids were heated at 
450''C for 2 hours in a nitrogen stream. Observations 
through a scanning electron microscope revealed 
that the graphite powder was covered with titanium 
oxide and metallic gold was scattered on the titanium 
oxide. 

The thus obtained graphite powder carrying 
gold-containing titanium oxide was mixed with ordi- 
nary graphite powder and a f luorocarbon resin (as a 
binder). To form a catalyst layer, the mixture was ap- 
plied to the uncoated side of a pitch-based carbon fib- 
er cloth having a water-repellent layer formed there- 
on from a mixture of graphite powder (containing 5% 
f luorinated graphite powder) and a f luorocarbon resin 
(as a binder). 

With a current collector of platinum-ptated nio- 
bium connected, the carbon fiber cloth (as an anode) 
was installed in an electrolytic cell, and electrolysis of 
sulfuric acid was carried out by supplying the back 
side of the anode with hydrogen in an amount of 20% 
of the theoretical amount. The potential was 110 mV 
when the current density was 1 00 A/dm^ at 60^0. The 
potential slightly increased to 1 20 mV after continued 
electrolysis for 150 days. Thus, it was found that the 
catalyst can be used stably in a hydrogen gas elec- 
trod over a long period of time without appreciable 
change in potential. 

Example 3 

Th sam proc dure as in Example 2 was repeat- 
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ed to prepare a gas electrode except that (1) copre- 
cipitation was performed in the absence of ethanol 
with the tetra-butyl orthotitanate replaced by an aqu- 
eous solution containing titanium tetrachloride and 
5 tantalum pentachloride in a molar ratio of 1 0: 1 , and (2) 
the coprecipitates were heated at 400''C for 3 hours 
in a muffle furnace. The resulting gas electrode was 
tested in the same manner as in Example 2. The po- 
tential was 150 mV. 

10 

Comparative Example 3 

The same procedure as in Example 2 was repeat- 
ed to prepare an anode except that the chloroauric 

IS acid was replaced by chloroplatinic acid. The anode 
marked a potential of 200 mV when used for electrol- 
ysis under the same condition as in Example 2. After 
continued electrolysis for 150 days, the potential in- 
creased to 260 mV. 

20 As mentioned above, the present invention is 

embodied in a gas electrode which comprises a con- 
ductive oxide carrier and gold particles as a catalyst 
dispersed and supported on the carrier. Since gold is 
superior in durability to platinum in a reducing enyir- 

25 onment, this gas electrode remains almost .un- 
changed in activity even after continued use in a re- 
ducing environment (such as hydrogen gas) for a long 
period of time. In addition, this gas electrode is com- 
parable in activity to the conventional platinum gas 

30 electrode and the production cost of this gas elec- 
trode is lower than or comparable to that of the con- 
ventbnal platinum gas electrode. 

The gas electrode of the present invention is sta- 
ble because the conductive oxide carrier is made of 

35 tin oxide and, more preferably, titanium oxide (which 
is more durable than other oxides). Furthermore, the 
titanium oxide may be doped with tantalum, niobium, 
or stiicon so as to improve its conductivity and dur- 
ability. Gold being present in the form of fine particles 

40 on the carrier provides an electrode having high ac- 
tivity and a prolonged life. 

According to the present invention, the gas elec- 
trode is preferably produced by adding a base to a sol- 
ution of a titanium compound and gold compound to 

45 give coprecipitates of titanium hydroxide and gold hy- 
droxide in the form of a gel, growing the gel, changing 
the titanium hydroxide and gold hydroxide into porous 
titanium oxide and metallic gold by sintering, and dis- 
persing the metallic gold on the porous titanium ox- 

50 ide. This process offers an. advantage of yielding a 
highly active, long lasting electrode because sinter- 
ing removes water from titanium hydroxide to form 
porous titanium oxide, with fine particles of metallic 
gold disp rsed on the porous titanium oxide. 

55 Mor over, the pres nt invention provides a cata- 

lyst f r gas electr des which comprises electrically- 
conductive carbon and titanium oxide and gold, the 
latter tw resulting from the heating of a copredpttat- 

5 
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ed mixture of titanium and gold which has separated 
out on the electrically conductive carbon. 

The catalyst of the present inv ntion is produced 
by a process which comprls:es preparing an acidic sol- 
ution of a titanium compound and a gold compound, 
addingabaseto theactdtc solutionrthereby fbrming- 
a coprecipitate suspension of said titanium conrv 
pound and gold compound and causing the copreci- 
pitate to separate out on electricaily-conductive car- 
bon, and heating the coprecipitate, thereby forming 
on the electrically-conductive cart>on active particles 
composed of titanium oxide supporting metallic gold 
ther on. The heating of the coprecipitate dehydrates 
the titanium hydroxide, thereby forming porous tita- 
nium oxide which encloses the fine particles of met- 
allic gold. This protects gold from aggregation and 
contributes to a high activity and a prolonged life. The 
process may be modified such that the titanium oxide 
is doped with tantalum, niobium, or silicon to improve 
its lectrical conductivity and durability. 

While the invention has been described in detail 
and with reference to specific embodiments thereof, 
it will be apparent to one skilled in the art that various 
changes and modifications can be made without de- 
parting from the spirit and scope thereof. 



Claims 

1. A gas electrode comprising a conductive oxide 
carrier and a catalyst, wherein said catalyst com- 
prises gold particles dispersed and supported on 
said conductive oxide carrier. 

2. The gas electrode claimed in claim 1, wherein 
said conductive oxide carrier consists of titanium 
oxide. 

3. The gas electrode claimed in claim 1, wherein 
said conductive oxide carrier is titanium oxide 
doped with at least one element selected from 
the group consisting of tantalum, niobium and sil- 
icon. 

4. The gas electrode claimed in claim 1, wherein 
said conductive oxide carrier consists of tin ox- 
ide. 

5. A gas electrode comprising a catalyst, wherein 
said catalyst comprises electrically-conductive 
carbon, titanium oxide, and gold particles, and 
wherein said gold particles are dispersed on said 
titanium oxide and both said gold particles and ti- 
tanium oxid are supported on said el ctrically- 
conductive carbon. 

6. Th gas I ctrode claim d in claim 5. wh rein 
" said titanium bxid is doped with atl ast on ~ lie^- 
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ment selected from the group consisting of tan- 
talum, niobium, and silicon. 

A catalyst for gas electrodes comprising gold par- 
ticles dispersed and supported on a conductive 
-oxide-carrier. 



8- The catalyst claimed in claim 7, wherein said con- 
ductive oxide carrier consists of titanium oxide. 

9. The catalyst claimed in claim 7, wherein said con- 
ductive oxide carrier is titanium oxide doped with 
at least one element selected from the group con- 
sisting of tantalum, niobium, and silicon. 

1 0. The catalyst claimed in claim 7, wherein said con- 
ductive oxide carrier consists of tin oxide. 

11. A catalyst for gas electrodes comprising electri- 
cally-conductive carbon, titanium oxide and gold 
particles, wherein said gold particles are dis- 
persed on said titanium oxide and both said gold 
particles and titanium oxide are supported on 
said electrically-conductive carbon. 

12. The catalyst claimed in daim 11. wherein said ti- 
tanium oxide is doped with at least one element 
selected from the group consisting of tantalum, 
niobium and silicon. 



13. A process for producing a gas electrode, wherein 
said gas electrode comprises a catalyst compris- 
ing gold particles dispersed and supported on a 
conductive oxide carrier, and wherein said proc- 

35 ess comprises the step of dispersing said gold 

particles on said conductive oxide carrier. 

14. The process claimed in claim 13, wherein said 
process of dispersing said gold particles on said 

40 conducth^e oxide carrier comprises the steps of: 

(1) mixing an aqueous solution comprising a 
titanium compound with an aqueous solution 
consisting of a gold compound; 

(2) neutralizing said mixed solution by adding 
45 a base thereto to provide co-precipitates of 

gold hydroxide and titanium hydroxide; 

(3) filtering said co-precipitates; and 

(4) sintering said co-preclpltates to change 
said gold hydroxide and titanium hydroxide to 

50 gold particles and titanium oxide, respective- 

ly- 

15. The process claimed in daim 14, wherein said 
aqu ous solution comprising a titanium conrv 

55 pound further comprises a compound selected 

from the group consisting of a tantalum conn- 
p und, niobium compound and silicon com- 

" "ipourid. 
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16. A process for producing a catalyst for gas electro- 
des comprising the steps of: 

(1) mixing an aqueous acidic solution conv 
prising a titanium compound with an aqueous 
solution consisting of a gold compound to s 
form a mixed solution wherein said gold conn- 
pound is in an amountof 1-10 mol% of said ti- 
tanium compound; 

(2) neutralizing said mixed solution by adding 

a base to form a co- precipitate suspension of io 
said titanium compound and gold compound; 
and 

(3) mixing said co-precipitate suspension with 
an electrically-conductive carbon powder to 
form gold particles dispersed on titanium ox- is 
ide and each is supported by said etectrically- 
conductive carbon. 

17. The process for producing a catalyst for gas elec- 
trodes claimed in claim 16, wherein said mixing 20 
(3) is accompanied by heating. 

18. The process for producing a catalyst for gas elec- 
trodes claimed in daim 16. wherein said acidic 
aqueous solution further comprises at least one 25 
compound selected from the group consisting of 
tantalum, nbbium and silicon. 
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